Induction of cortical granule exocytosis of pig oocytes by spermatozoa during meiotic maturation.
Pig oocytes were examined to test their ability to undergo cortical granule exocytosis upon penetration by spermatozoa during meiotic maturation. Immature or maturing oocytes (cultured in vitro for 0 h, 26 h and 46 h) were inseminated with ejaculated boar spermatozoa in vitro. Before and after insemination, oocytes were stained with peanut agglutinin labelled with fluorescein isothiocyanate and the cortical granule distributions were examined under the fluorescent microscope and the laser confocal microscope. Before insemination, all the oocytes at the germinal vesicle stage showed a uniform distribution of cortical granules throughout the cortical cytoplasm. The granules migrated centrifugally during maturation and were distributed just beneath the oolemma in the oocytes after germinal vesicle breakdown, forming a monolayer in metaphase I or metaphase II. Cortical granules were still present in all penetrated oocytes at the germinal vesicle stage 18 h after insemination; in contrast, 26% and 84% of the oocytes inseminated at the stages of germinal vesicle breakdown or at metaphase I and II, respectively, completely released their cortical granules. Nuclear activation rates of penetrated oocytes were 0%, 38% and 96% in oocytes cultured for 0 h, 26 h and 46 h, respectively. Of the nuclear-activated oocytes, 67% (oocytes cultured for 26 h) and 88% (oocytes cultured for 46 h) released cortical granules completely. Complete cortical granule exocytosis was not observed in nuclear-inactivated oocytes. Of the nuclear-activated oocytes, 67% (oocytes cultured for 26 h) and 80% (oocytes cultured for 46 h) of monospermic oocytes and 67% (oocytes cultured for 26 h) and 91% (oocytes cultured for 46 h) of polyspermic oocytes released cortical granules, and no statistical difference was observed between oocytes cultured for 26 h or 46 h, or between monospermic and polyspermic oocytes. The proportion of oocytes with cortical granule exocytosis increased as insemination time increased and was greatest 18 h after insemination in oocytes cultured for 26 h and 46 h; no obvious changes were observed when the insemination time was prolonged to 24 h. These results indicate that pig oocytes develop the ability to release cortical granules after penetration by spermatozoa following germinal vesicle breakdown, and that this ability is not fully developed until metaphase II. Cortical granule exocytosis is accompanied by nuclear activation, suggesting that both nuclear and cytoplasmic maturation are responsible for the cortical reaction. Polyspermy may be a result of a complete failure of cortical granule exocytosis in immature oocytes and delayed CG exocytosis in matured oocytes.